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RESEARCU ARTICU·: 
Percutaneous Coronary Intervention in 
the United States: Risk Factors for 
Untimely Access 
Renee Y. Hsiaand Yu-C/mShen 
Objcctive. To determine how access to percutaneous coronary intervention (PC I) is 
distributed across demographics. 
Data Sources. Secondary data from the 2011 American Hospital Association (AHA) 
survey data combined with 2010 Census. 
Study Design. We calculated prehospital times from 32,370 Zl P codes to the nearest 
PCI center. We used a multivariate logit model to determine the odds of untimely 
access by the ZI P code's concentration of vulnerable populations. 
Data Collection. We used ZI P code-level data on community characteristics from 
the 2010 Census and supplemented it with 2011 AHA survey data on service-line avail-
ability of PC I for responding hospi!'1Is. 
Principal findings. For approximately 306 million Americans, the median prehospi-
taitime to the nearest PC I center is 33 minutes. While lH percent of Amcricans livc 
within onc hour ofa PC I centcr, the odds of untimely access are higher in low-income 
(OR: 3.00; 95 percent C I: 2.39, 3.77), rural (8.10; 95 percent C I: 6.84, !LS9), and highly 
Hispanic communities (2.55; 95 percent CI: I .!ill, 3.019). 
Conclusions. While the majority of Americans !i\'e within 60 minutes of a PC I cen· 
te r, rural, lOw-income, and highly Hispanic communities havc worse PC I access, T his 
may translate into worse outcomes for paticnts with acute myocardial infarction. 
Key Words. Myocardial infarction, d ispari ties 
Coronary heart disease, including acute myocardial infarction (AM I), is 
among the leading causes of death worldwide. ST-elevation myocardial infarc-
tion (STEM I}, in particular, is the deadliest subtype of AMI with a mortali ty 
rate of 12 percent (Fox 2004). STEM I affects 500,000 Americans every year 
(Antman et al. 2004), for whom timely access to percutaneous coronary inter-
vention (PCI) is critical to achieving bettcr outcomes (Keeley and Grines 
2004). Due to the resource intensity of the procedure, however, only 37 per-
cent of all acute care, adult hospitals in the United States ofTer any PCI lab 
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capability (Concannon et aI. 20 13). In addition, less than 12 percent (574 of 
4,931) of all hospitals offer PCI fo r a high volume of STEM I patients (>40 pri-
mary PCI annually), with even fewer of these su pporting round-the-dock 
availability (Wang and Yealy 20 12). 
Recent literature looking at geographic access to PCI in the United 
States has shown that many new PCI services are open in competi tive mar-
kets, often with high private insurance penetration, where patients already 
have access to PCI (Concannon et al. 2013; Langabeer et al. 2013). These 
studies question whether PC I services effectively reach patients who could 
benefit from better access to catheterization. 
While access to PC I has been studied for the general population (Can· 
cannon et al. 2012; Langabeer et al. 2013), experts have not analyzed and 
highlighted whether access to existing PCl centers is equitably distributed 
among socioeconomic, racial/ethnic, and geographic (urban/rural) groups 
(Girotra and C ram 2012). This is particularly important given well-docu-
mented disparities in revascularization and outcomes fo r minority and socio-
economically disadvantaged patients with AMI (Whittle et aI. 1993; Alter 
et al. 1999; Bradley et al. 2004; Vaccarino et al. 2005; Mehta et al. 2006; 
Guzman et aL 20 12). For instance, past research has shown that black patients 
have 38 percent lower odds of receiving PCI and are approximately 10 per-
cent less likely to receive any reperfusion therapy than white patients (Whittle 
et al. 1993; Vaccarino et al. 2005), and that 69 percent of Hispanic STEMI 
patients receive primary PCI within 90 minutes of hospital arrival, compared 
to 78 percent of non-Hispanic whites (Guzman el al. 2012). While differences 
in patient preference, insurance status, or education are potential drivers of 
these disparities (Schecter et al. 1996), poor geographic access to PC I centers 
could al so explain why revascularization rates, in particu lar, are lower for 
these vulnerable populations. 
To eliminate health and health care disparities, as suggested by Healthy 
People 2020 (U.S. Department of Health and Human Services 2010), the 
Department of Health and Human Services Disparities Action Plan (U.S. 
Department of Health and Human Services-Office of Minority Health 
20 (1 ), and the Patient Protection and Affordable Care Act of 2010 (U.s. 
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Congress 2010), it is vi tal to document baseline access to life-saving 
procedures, such as PCI , by demographic groups before interventions can be 
targeted appropriately. Our study seeks to (I) provide the most current data 
available on the general population's access to PC l in the United States as 
measured by prehospital time to the nearest PC I center; and (2) determine 
whether certain vulnerable population groups have increased risks fo r experi-
encinguntimely access to PCI. 
M ETHODS 
Data Sources 
As the basis of our study, we used Z I P code-level data on community charac-
teristics and population-weighted central geocodes (longitudes and latitudes) 
from the 2010 Census. We supplemented this ZIP code dataset with the 2011 
American Hospital Association (AHA) survey data on service-line availabi lity 
of PC l for responding hospitals. Furthermore, we identified the hospitals' geo-
codes usi ng a combination of the 2011 AHA survey data and heliport data col-
lected for a previous study. 
To more accurately identify PC I centers and minim ize the chance of 
sporadic reporting errors in 2011, we also used AHA data from 2000 to 20 10 
to determine if a hospital's reported PC I availability in 2011 is valid, using a 
defi nition of heallh care technology adoption from previous literature (Baker 
and Phibbs 2002; Hsia, Kellermann, and Shen 20 11 ). We deSignated the first 
year of the fi rst consecutive pair of years where the data show the hospital 
offers a given service as the "adoption year. " We only considered a hospital as 
a PC I center begi nning the year following the adoption year. Thus, hospitals 
that first report PC I availabili ty in 2011 are not considered PCi -capable in our 
analysis. 
Finally, because Alaska and Hawaii have unusual topography fo r 
which our distance calculations would be highly imprecise (e.g., cases in 
Alaska where the straight-line distance between a ZIP code center and the 
nearest PCi-capable hospital is only 20 or 30 miles, but because of limited 
road availabili ty it may actually lake more than a day of travel), we chose to 
study PC I availability within the continental United States, excluding Alaska 
and Hawaii. This is consistent with previous work on access to other acute 
services such as emergency departments (Shen and Hsia 20 10; Hsia and 
Shen 20 11 ). 
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Outcome 
Our access measure is "projected access," as we are working from simulated 
and not observed prehospital transport, and our central outcome measure is 
prehospital time from each ZIP code to the nearest PCI center in 20 11. Pre-
hospital time consists of the following components: time to obtain ambulance 
dispatch, driving time from the ambulance depot to the patient, time spent on 
scene, and drive time from the patient to the nearest PCI center. We obtained 
actual driving time between a ZI P code's population-weighted central gea-
code and the nearest PCI center's geocode using a programming interface 
between Slata and Coogle Maps (Ozimek and Miles 2011 ). We multiplied this 
driving time by a factor of 1_6 for urban areas and 1.4 for rural areas to obtain 
the overall round-trip driving times (from ambulance depot to patient to PCI 
center). These constants were adapted from prior similar analyses (Branas 
et al. 2005; Nallamothu et aL 2006). Furthermore, we added 1.4 minutes for 
ambulance dispatch in urban areas and 2.9 minutes in rural areas; we also 
added 8 minutes for time spent 0 11 scene in urban areas and 9 minutes in rural 
areas (Nallamothu et al.2006). 
Also based on previous literature, we chose a standard cut point of 
60 minutes as the timeframe for prehospitaltransport that maximizes the pos-
Sibility of achieving the most benefit from PCl (Nallamothu and Bates 2003; 
Nallamothu et al. 2006). We categorized patients as having "timely" 
(::::60 minutes prehospitaltime) and "untimely" (>60 minutes) access to PCI 
based on this definition. 
Vulnerahle Populo/ions 
On the basis of previous literature (Hsia and Shell 201 1), we specifically exam-
ined how a community's distribution of low·income residents, racial or ethnic 
minorities (black, Hispanic, and other minority), foreign-born populations, 
and elderly residents (>65 years old) predicted its access to PC I care. We 
defined each of these predictors using standardized variables from the US 
Census Bureau. Specifically, race/ethnicity is self-classified accordi ng to the 
standard Census Bureau categori7..ations; we define the "other minority popu-
lations" category as combination of residents selecting American Indian or 
Alaskan Native, Native Hawaiian or Other Pacific Islander, Asian, or "some 
other race." 
We divided all communities into three categories based on the 
distribution of a given subpopulation. For example, if the percentage of a 
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community's Hispanic population was at the upper one-third of the entire His-
panic population distribution for all communities, it was defined as having a 
"high" share of Hispanics; "medium" share if the percentage of Hispanics fell 
in the middle one-third of the distribution; and "'low" share if the percentage 
was in the lowest one-third of the distribution. 
We also examined whether residing in rural areas was a risk factor for 
worse PC I access, as rural residents have been shown to be less likely to 
receive revascularization (Abrams, Vaughan-Sarrazin, and Kaboli 2010). We 
clasSified a ZI P code as urban if it was in a Metropolitan Statistical Area, and 
rural if it was not. Finally, we included indicators for Census divisions to con-
trol for baseline PCI access differences across the nine regions. All of these 
classifications were included in our multivariate model to compare the PCI 
access of each community within otherwise similar conditions. 
Srati$ticol Methods 
We used the community. as defined by 2010 ZIP codes, as the unit of analysis, 
and descriptively compared population characteristics between communities 
with timely access to PCI centers and those with untimely access. We subse-
quently employed a multivariate logit model to analyze the odds of haVing 
untimely access to PCI as opposed to timely access for each subgroup of our 
previously defined vulnerable populations, controlling for all other factors 
described above. All analyses are weighted by each community's population 
size so that the estimates are representative of the U.S. population. All estima-
tions were implemented in Stata 13 (College Station, TX, USA). This study 
was exempted from the Committee on Human Research at the UniverSity of 
California, San Francisco. 
RESULTS 
Our study includes a total of 1,738 PC I centers in 201 I. Across 32,370 ZIP 
codes, representing 306 million Americans, the median prehospital time to 
the nearest PCI center is 33 minutes (interquartile range [IQR]: 25,49]. 
We found that 52 percent of communities have "timely" access to 
PCI , and 48 percent have "'untimely" access. Because of the population 
density of urban centers, however, 83.7 percent (256 million) of the U.S. 
popU lation fal ls into the category of timely access, while on ly 16.3 percent 
(50 million) live over 60 minutes from the nearest PC I center (Table I). 
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The median prehospital time to reach the nearest PCI -capable hospital is 
30 minutes (IQR 24, 39) for residents with timely access, while Americans 
with untimely access need 81 minutes (IQR 68, 103). 
Of communities with untimely access, 54 percent are considered low 
income, compared to 29 percent of communities with timely access (Table I). 
ZIP codes with untimely access to PC I also have lower shares of minority pop-
ulations. Further, morc ZIP codes with untimely access to PCI (56 percent) 
than Zl P codcs with timely access (29 percent) have a high concentration of 
elderly residents. Geographically, 66 percent of ZIP codes with untimely 
access to PCI are in rural areas. 
The majority of rural residents (58 percent) live more than 60 minutes 
away from a PC l center (sec Table 2; AppendiX SA2). Rural residents have a 
media n driving time of 67 minutes to their nearest PCI center, while urban 
residents have a median driving time of 30 minutes. In addition, prehospilal 
time is right skewed for both types of communities, as shown in the AppendiX 
SA2. TIle skewness is mainly dliven by driving time. In some communities 
where distance to PCI is close, driving time represents a small percent of the 
total prehospitaltime, whereas in communities that are far away from PC I, 
driving time presents a large percent of total prehospitaltime. The East South 
Central (Tennessee, Kentucky, Alabama, Mississi ppi) and West North Central 
(Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, South Dakota) 
census divisions have the overall highest median prehospitaltimes of 43 and 
38 minutes, respectively (Table 2). Figure 1 shows the distribution of prehos-
pital time in mi nutes for rural and urban communities overall and by census 
division. 
In our multi variate logistic regression (Table 3), not surprisi ngly, rural 
communities have eight times the odds of untimely access compared with 
urban communities (OR 8.10, 95 percent CI 6.84. 9.59). However, even hold-
ing urbanicity and rurality constant, low-income and middle-i ncome commu' 
nities still have significantly higher odds of untimely access to PCI compared 
to high-income communities (OR 3.00, 95 percent C I 2.39, 3.77; OR 1.88,95 
percent C I I.4D, 2.36, respectively). In other words, low·income communities 
in urban areas compared with high-income urban communities are at higher 
risk of poorer access. Likewise, commu nities with the highest tertiIe of His-
panic residents also have higher adjusted odds of untimely access to PC I (O R 
2.55,95 percent CI 1.86,3.49). ZIP codes that appeared to have better access 
to PCI included those with higher shares of black residents, other minorities, 
and foreign-bom populations. 
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Table 2: Descriptive Characteristics of Urban and Rural Population Access 
to Nearest Percutaneous Coronary Intervention Center 
Ihrml willi >' 60 
Minuln Prtlwpltai 
2010 u.u1lJ PrJpuialion 7irnela Clausl l'Cl M(dian l'rthosp,w/ 
Counl HosPital 7ime (in Minutn) 
Ur6an Rural Total 
(;nullS DmJion w.. Rllrai 1") 1") 1") u. ... Rllral Towl 
New Ensland 12,694,517 1,739,183 4 6' 12 32 76 33 
Mid·Atlantic 37,467,4 15 3,399.323 .1 .15 • 27 62 29 East NOrlh Central 31,153.045 9,260An 4 5. 13 2. 60 32 
West North Central 12,763,106 7,730,782 • 6. 32 30 76 38 South Atlantic 48,300.786 11 .3 11,119 5 44 13 33 57 35 
East South Central 11 ,160,832 1,311,146 10 
" 
28 35 fi4 43 
West South CentraJ 29,191,041 7,106,233 6 62 17 3. 
" 
33 
Mountain 11,041,171 4,900,349 13 76 27 30 II' 35 
l'acilic 4-1,4,0,551 3,310,893 10 ,. 14 29 92 3. 
T"," 2.50,224,476 56,070.1OS , 58 16 30 67 33 
DISCUSSION 
Our findings show that the median prehospital timc from a patient's rcsident 
Z II' code to his or her nearest PCI center is 33 minutes, and that 8,1 percent of 
the U.s. populalion lives within 60 minutes of a I'e l-capable hospital. How-
ever, almost 50 million residents still live greater than 1 hour from the nearest 
PC I center, with a median prehospital time of 8 l minutes, 
Compared to a previous study that analy-.lcd PC I access in 2000 (Nall-
amothu et al. 2006), our descriptive resu lts show that access to PCI remains 
similar after a decade-the median distance to a PC I-capable hospital only 
slightly declined from 7.9 miles in 2000 to 7.4 miles in 20 11 , and the percent of 
the population with access to PCI within 60 minutes increased marginally 
from 79 percent to 84 percent-
Our mu ltivariate resul ts contribute a new layer to the literature by show-
ing that PCI access is extremely uneven across segments ofthc population. In 
particular, rural, low-income, and highly Hispanic communities have worse 
access to PCI after other demographic characteristics of the communities are 
held constant-It is important to remember that these factors are independently 
associated with a higher likelihood of having poorer access; in other words, 
even when urbanicity and rurality are held constan t, low-income and highly 
Hispanic communities independemly have worse access to PC I. These 
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Figure I: Median Prehospital T ime (i n Minutes) to Nearest Emergency 





N(J/~. CentTallines represent the median prehospilaltimes. and the encompassing boxes represent 
the interquartile range. The whiskers represent the 51h :md 95th percentiles. 
results, along with existing literature lim! documents the importance of 
geographic proximity in accessi ng available health care services, may also 
provide a partial explanation for why disparities in revascularization and even 
mortality fo r certain populations- including poorer (Alter et al. 1999), His-
panic (Bradley et al. 2004), and rural residents {Abrams, Vaughan-Sarrazin, 
and Kaboli 20 10; Bhuyan 20 13)-exist. Findings from recenll iterature sup-
port the idea that the growth in PCI centers, which may be seen as largely mar-
ket-oriented, has exceeded that of popu lation growth, and that there is excess 
PC I capacity in some areas compared with inadequate access in others (Con-
cannon et al. 2013; Langabeer et al. 2013). 
We also found that, similar to other studies, communities with a higher 
proportion of blacks had better access to PC I hospitals compared with com-
munities with a lower proportion of blacks. Despite this, blacks have a lower 
likelihood of receiving PC I fo r AMI compared to white patients, and studies 
have shown that blacks are less likely to choose and be admitted to such 
hospitals for AM I treatment when compared to their white counterparts 
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Table 3: Logistic Regression Results on Odds of Having Unlimely Access to 
Percutaneous Coronary Intervention Centers 
Community eMraCltriJlia 
Income distribution 








Low share (ref group) 
Medium share 
High shue 
Other millQrity population 












Metropolitan statistical area 
Urban communitieJ (ref group) 
Rural communities 
Census divisions 
New England (ref group) 
Mid-Atlantic 
East North Central 
West North Central 
South Atlantic 
East South Centl'1ll 





Nou. ·p<0.05: ··p< O.OI. 
-------
MulliMriolt &nlts 
Odds Ratio (95_ C/) 
1.00 (1.00, 1.00) 
1.88" (1.49, 2.36) 
3.00·· (2.39, 3.77) 
1.00 (1.00,1.00) 
0.99 (0.83, 1.19) 
2.55" (1.86, 3.49) 
1.00 (I.00,I.00} 
0.45·· (0.33, 0.(2) 
0.37·· (0.23, 0.(1 ) 
1.00 {1.00, 1.00) 
0.79" (0.63. D.!}!}} 
0.59· (0.36.0.9';) 
1.00 (1.00,1.00) 
0.39·· (0.34. 0.45) 
O.IS·· (0.10,0.22) 
1.00 (1.00,1.00) 
0.96 (o.n, 1.28) 
1.25 (0.88, 1.77) 
1.00 (1.00,1.00) 
8.10·· (6.84. 9.';!}) 
I.OO {I.00, 1.00) 
0.97 {0.8!}, 1.06) 
0.57·· (0.53, 0.(2) 
1.54" (1.46, 1.(2) 
1.12 (0.85, 1.48) 
1.16 (0.94,IA4) 
1.36" {Ll6, 1.61} 
2.59·· {2.3.5. 2.8~ } 
3.60·· (3.03, 4.28) 
0.10·· (0.07.0.15) 
32,34 I 
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(Popescu, Cram, and Vaughan-Sarrazin 2011 ). Other studies have shown that 
even afier adjusting for home-to-hospital distance, certain minority brroups are 
less likely to travel to high-technology hospitals (Blustein and Weitzman 
1995). Taken logether, these studies suggest that geographic proximity to cen-
ters offering revascularization is not the sole facto r in determ ining access to 
care. 
What policy implications can we draw from these findings? There is 
clearly a limit to the economic viabi lity of fixed infrastructure such as a cardiac 
catheteri7..at ion facility in terms of a minimum population level served to be 
fi nanCially viable and minimum service levels to be clinically proficient. 
Given that the American College of Cardiology and American Heart Associa-
tion recommends that first medical contact-to-device times be no more than 
120 minutes (O 'Gara et at. 2013), and knowing that delays in transferring 
patients are often inevitable, cerlain communities with untimely access may 
need to create protocols and networks that are able to achieve the maximal 
benefit for their populations. It is critical that health care workers in these com-
munities acknowledge these reali ties- for exam ple, according to analysis of a 
national rebristry, less than 9 percent of patients experienced a door-lo-balloon 
lime of less than 90 minutes among patients who were transferred for primary 
PCI (Chakrabarti et al. 2008). Communities with limited access may there-
fore consider instituting protocols that acknowledge the benefit of timely fibri -
nolytic therapy (specifically within 30 minutes, as recom mended by the ACC 
and AHA) (O'Gara et aJ. 2013) when anticipated transfer times (based on 
actual and historical times) exceed recommended gu ideli nes for appropriate 
patients. This could occur even in the field , as numerous randomized 
controlled trials have documented the feasibility of admini stering thrombolyt-
ics safely in this environment with significant mortality benefit (Castaigne 
el al. 1989; The European Myocardial Infarction Project Group 1993; Morri-
son et at. 2000; Bonnefoy et al. 2002). 
Aeromedical transport to PCI-capable hospitals has been described 
(Bellinger et al. 1988; Knudsen et at. 2012) and is practiced in some areas. Yct 
there are numerous concerns regarding the cost-cffectiveness of helicopter 
transport overall (Taylor et al. 2010; Delgado et al. 2013). and given the pau-
city of evidence for air transport for PCI palients, this strategy is not men-
tioned by either the ACC or AHA in their recommendations. 
One larger mechanism encompassing these changes for improving 
access and outcomes for these residents could be through regionalization of 
STEM I care Uollis el al. 2007). It is possible thai the organized routing and 
presence of transfer protocols inherent in regionalization may not only reduce 
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transport times by direcliy routing patients to PCI hospilals (or allowing fo r 
protocolized admi nistration of thrombolytics when appropriate) but also to 
some extent mitigate factors such as knowledge of options, provider referral 
preferences, and patient preferences (Finlayson 2006) that may keep them in a 
non-PC I hospital during a STEMI care situation. Recent evidence on the 
effect of PC I regionalization on health disparities is limited and inconclusive 
(Glickman et al. 20 10), and further evaluation is needed to determine whether 
regionalization protocols can be an effective tool to address disparities in car-
diovascular care. 
Regionalization and other system-level innovations, which are often 
implemented through regulation, may be necessary to reach underserved 
myocardial infarction patients, as the market does not appear to be naturally 
addreSSing these disparities in access. In fact, recent evidence has shown that 
PC I programs are preferentially introduced in larger and more affluent hospi-
tals, in areas with a more attractive payer mix (e.g., private insurance) and 
market competition, often resulting in duplicative services (Concannon et al. 
2013; Honvitz et al. 2013; Langabeer et al. 20 13). The "appropriate" levels of 
PC I capacity have been debated in the literature; measures such as number of 
PC I hospitals per capita, while presenting one aspect of access, do not capture 
the fact that rural areas will have a higher density of PC I centers as they need 
to balance geographic acceSSibility (Girotra and Cram 2012; Langabeer et al. 
2013). While it may not be feasible to introduce new PC I programs-which 
can cost an estimated $8 to $16 million- in all underserved communities, our 
findings of uneven PC I access, along with recent literature, suggest that the 
Cllrrent, largely market-driven increases in PC I alone may not be addressing 
disparities in access to care. 
Limitations 
There are several limitations of our study. First, we rel ied upon the AH A's sur-
vey data to determine PCI capability at U.S. hospitals, which is based on hos-
pital self-report of available services. While accreditation for cardiac/ PCI 
centers does exist (e.g., Accreditation for Cardiovascular Excellence Cath! 
PCI, American Heart Association STEMI receiving or referring center 
accreditation), these are expensive for hospitals to obtain and therefore have a 
very small market penetration. The National Cardiovascular Data Registry 
CalhPCI registry captures a much larger number of PCI-capable hospitals, 
but it is still less comprehensive than the AHA survey we employ. Even based 
on the most current CathPCI registry available on December 17, 2013 
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(National Cardiovascular Data Registry 2013), there are only 1,656 hospitals 
with PCI capabili ty registered, which is fewer centers than we record using 
our older, 2011 AHA data. We therefore follow prior li teratu re on this subject 
using the AHA data (Nallamothu et al. 2006; Concannon et al. 2013) and are 
reassured that it has been validated in a share of the states by previous work 
(Concannon et al. 2012). Importantly, in the AHA data, there is no indicator 
fo r whether PC I is available on an emergent basis or only during scheduled 
hours (e.g., for elective procedures). As a resu lt, these findings are necessarily 
conservative in that they represent the best~case scenario fo r patients requiring 
emergent catheterization services. 
Second, we used the most recently available AH A data from 2011. 
Assuming the previous trajectory of growth of PC I in already well-served 
commu nities has continued (Concan non et al. 2013), it is likely that both our 
fi ndings regarding the general population's access to PC I, as well as that of 
more untimely access for vulnerable popu lation groups, are conservative esti-
mates of the current state of PCI access, although we believe the underestima-
tion is very small, given that most of the growth has been duplicative and has 
not significantly increased access. Finally, we do not include aeromedical 
transport in our calculations of time to nearest PCI center. We believe this 
omission has no impact on this study. as such networks for STEM I are gener-
ally restricted to interhospital transport (Pitta et al.2010). 
Third, we used ZIP codes as the level of analysis instead of census tracts. 
This level of aggregation is common ly used in previous work examining 
access to health care faci li ties (Begley et al. 2006; Hare and Barcus 2007; 
Onega et al. 2008). In addition, this particu lar study is part of a larger work, 
which will link individual patient outcomes at the ZI P code level. It is im por-
tant to note, however, that other important studies that examine PCI availabil-
ity have been done using census tracts and also use the adult population, while 
ours studies the entire U.S. population. Thus, our results cannot be directly 
compared to Nallamothu et al.'s (2006) study due to the differences in the 
analysis unit, study population, and geographic distribution of children and 
adults. 
C ONCLUSIONS 
Whi le 84 percent or the U.s. population lives within 60 minutes of a PC 1-
capable hospital, 50 million Americans still live greater than 1 hour away 
from the nearest available PC I. Low-income, HispaniC, and rural communi-
Access to Percutaneous Coronary InttrVentiQII 605 
ties each independently have higher odds of needing more than 1 hour to 
reach the nearest PCI center. The challenges of geographic proximity to PC l 
may be a potential mechanism linki ng access to revascularization and Oul· 
comes, and interventions 10 target reduction in the geographic barriers 10 care 
may be worthy of consideration in the plann ing and allocation of these 
life-saving services. 
A CKNOWLEDGM ENTS 
Joint AcJmowkdgmmtlDisclosure Staltmml: This publication \\laS supported by the 
National Institutes of Health/National Heart, Blood, and Lung Institute 
I ROJ H L 114822-01. Its contents are solely the responsibil ity of the authors and 




Abrams, T F_, M. Vaughan-Sarrazin. and P.J. Kaboli. 2010. "Mortality and Revascu-
larization Following Admission for Acute Myocardial Infarction: Implication for 
Rural Veterans." journal of Rural Htalth 26 (.a): 310-7. doi:1O. lIlI/j. 1748-
0361.20 I O.00318.x. 
Alter, O. A., C. D. Naylor, 1'. Austin, and J. v. Tu. 1999. "EffecLS ofSociot:conoOlic Sta-
tus on Access to Invasive Cardiac Procedures and on Mortality after Acute Myo-
cardial I nfarction.~ New Engktnd journal 0/ Mtdidnt 341 (18): 1359-67. 
doi : 1O.1056/ncjm 1999102830111806. 
Amman, E. M., D. T Anbe, P. W. Annstrong, E. R. Bales, L A. Green, M. Hand.J. S. 
Hochman. H. M. Krumhol?., F. G. Kushner, G. A. Lamas. C.J. Mullany.J. P. Or-
nato, D. L Pearle, M. A. Sloan, S. C. SmithJr, and A. K.Jacobs. 200·1. "ACC/ 
AHA Guidelines for the Management of Patients with ST-Elevation Myocardial 
Infarction- Executive Summary: A Report of the American College of Cardiol-
oh'Y/Ametican Heart Association Task Force on Practice Guidelines (Writing 
Committee to Revise the 1999 Guidelines for the Management of Patients with 
Acute Myocardial Infarction)." Circulation 110 (5): 588-636. doi:IO.11611 
o I.C I R.OOOO 134 791.680 IO.F A. 
Baker, L. C., and C. S. I'hibbs. 2002. "Managed Care, Technology Adoption, and 
Health Care: The Adoption of Neonatal Intensive Care. ~ RAND journal of Eco-
nomics 33 (3): 524--48. 
Begley, C. E., R. Westheirner Vojvodic, M. Sea, and K. Burau. 2006. "Emergency 
Room Use and Access to Primary Care: Evidence from Houston. Texas." jounwl 
oflltallll Om/or lilt Poorantf Undmm:td 17 (3): 610-201. 
606 HSR: Htalth StrVius Rtsearch 51:2 (APri12016) 
Bellinger, R. L.. R.. M. Califf. D. B. Mark, R. A. Weber, P. Collins,j. Stone, H, R. Phil· 
lips 3rd, L. German, and R. S. Stack. 1988. ~ Helicopter Transport of Patients 
During Acute Myocardial Infarction." AmtriaJnjouTTUlI ofCardiol0fJ161 (10): 718-
22. doi: 10.1016/0002·9149(88)91054·5. 
Bhuyan, S. 2013. "Rural· Urban Difference in Acute Myocardial Infarction Mort.ality: 
Evidence from Nebraska.· Paper presented at the 141 st American Public Health 
Association Annual Meeting, Boston, November 5, 2013. 
Biustein,j., and B. C. Weitzman. 1995. ~Access to Hospitals with High·Technology Car-
diac Services: How Is Race Important?" Cirwlotion85 (3): 345-5 1. 
Bonnefoy, E., F, Lapostolle, A. LeilOrovicz. G. Sleg. E. P. McFadden, i'. Y. Dubien, S. 
Cattan, E. Boullenger, j. Machecourt, j. M. Lacroute, j. Cassagnes., F. Dissait. 
and i'. Touboul. 2002. Mf'rimary Angioplasty versus Prehospital Fibrinolysis in 
Acute Myocardial Infarction: A Randomised Study.~ The umctl 360 (9336): 
825- 9. doi: 10. 1016150140-.6736(02)09963'4. 
Bradley, E. H.,j. Herrin, Y. Wang. R. L. McNamara. T. R. Webster, D.j. Magid, M. 
Blaney, E. D. Peterson,j. G. Canto, C. V. PollackJ r, and H. M. Krumhoh:. 2004. 
MRacial and Ethnic Differences in Time to Acute Reperfusion Therapy for 
Patients Hospitalized with Myocardial Infarction. "journal of the Amtri(an Medical 
Auodalion 292 (13): 1563- 72. doi: 10. 1001/jama.292, 13. 1563. 
Branas, C. C., E. j. MacKenzie.j. C. Williams, C. W. Schwab, H. M. Teter, M. C. flani · 
gan, A.j. Blatt, and C. S. ReVelle. 2005. "Access to Trauma Centers in the United 
States." journal of the AmtriaJn Medical Assodation293 (21): 2626-33. 
Castaigne, A. D., C. Herve, A. M. Duval·Moulin, M. Gaillard, j. L. Dubois·Rande, C. 
\3 oc~ch , M. Wolf, D. Lcllouche, F.Jan, and P. Vernanl. W!l9. ~ Prehospi taJ Use of 
APSAC: ResulLS of a Placebo· Controlled Study." The Americanjournal ofCardiol· 
ogy64 (2): A30-3. doi: 10. 1016/0002·91 .19(S9}90927·2. 
Chakrabarti, A., H. M. Krumholz, Y. Wang,j. S. Rumsfeld, B. K.. Nallamothu. and on 
behalf of the NCDR. 200S. "Time·to·Reperfusion in PatienLS Undergoing Inter· 
hospital Transfer for Primary Percutaneous Coronary Intervention ill ihe United 
States; An Analysis of2005-6 Data from the National Cardiovascular Data Reg· 
istry." journal of the American College of Cardiology 51 (25): 2442-3. doi: 10.1016/ 
j.jacc.2008.02.071. 
Concannon, T. W,j. Nelson. j. Goetz, andj. L. Griffith. 2012. ""A Percutaneous Coro· 
nary Intervention Lab in Every Hospital?" CirtuUJlion: Cardiol!tlStulor Q.uality and 
Outcomu 5 (I): 1 ·~20. doi: 10.1 161/circoutcomes. 1 I 1.963868. 
Concannon, T. w.,j. Nelson, D. M. Kent, andj. L. Griffith. 2013. ~Evidence of System· 
atic Duplication by New Percutaneous Coronary Intervention Programs." Circu-
lotion: Cardiouasculo, Q.uality and Oulcomu6 (4): 400-8. 
Delgado, M. K.., K.. L. Staudenmayer, N. E. Wang, D. A. Spain, S. Weir, D. K. Owens, 
and j. D. Goldhaber·Fiebert. 2013. "Cost· Effectiveness of Helicopter versus 
Ground Emergency Medical Services for Trauma Scene Transport in the United 
States." Annals of EmergenCJ Medicine 62 (4): 351-364.e319. doi: 10. 1016/j.ann-
emergmed.20 13.02.025. 
Finlayson, S. R. 2006. "Delivering Quality to PaticnLS." journal of tht Amtri{an AJtdi{al 
Auociation 296 (16): 2026-7. doi: 10.1001/jama.296.16.2026. 
Access to PercutalltOus Corollary b,tmentiM 607 
Fox. K. 2004. "An International Perspective on Acute Coronary Syndrome Care: 
Insights from the Global Registry of Acute Coronary Events." Ammcan HtaTt 
journal 148 (5): S,IO 5. doi: 10.1016/j.ahj.2004.09.014. 
Cirotra., S., and P. Cram. 2012. "Universal Access to a Percutaneous Coronary Inter· 
vention Hospital: Is It Feasible or Desirable?~ Circulation: Cardiovasculor QJality 
and Qultomu5 (I): 9- 11. doi: 10.1 16l1circoutcomes.1 I 1.96,12iO. 
Glickman, S. w., C. B. Granger. F. S. Ou, S. O'Brien, B. t.. Lytle. C. B. Cairns. G. Me-
ars,J W. Hoekstra,J t.. Garvey. E. D. Peterson, and J G.Jollis. 2010. "Impact of 
a Statewide ST-Scgment-Elevation Myocardial Infarction Regionalization Pro-
gram on Treatment Times for Women, Minorities, and the Elderly." Circulation: 
Cardiovasculor QJlality and QUtCOlIIll 3 (5): 514-21. doi:IO.1l6I1CIHCOUT-
COMES.109.91711 2. 
Guzman, t.. A., S. Li, T. Y Wang, M. t.. Daviglus,J Exaire, C.J Rodriguez. V. i. Tor-
res, M. Funk,J Saucedo. C. Cranger.1. L Pina, and M. C. Cohen. 2012. ;<Differ-
ences in Treatment Patterns and Outcomes between Hispanics and Non-
Hispanic Whites Treated for ST-Segment Elevation Myocardial Infarction: 
Hesuhs from the NCOH ACTION Hegistry-GWTG ." jounwl oftht Americon Col-
Ilgt ofCardiologj59 (6): 630- 1. doi : 1O.10161j.jacc.2011.10.882. 
Hare, T. 5 .• and H. R. Barcus. 2007. "Geographical Accessibility and Kentucky's Heart-
Helated Hospital Services." Applild Grography 27 (3-4): 181- 205. doi: 10.1016/ 
j.apgeog.2007.07.004. 
Horwitz, J R . A. Nichols. B. K. Nallamothu, C. Sasson. and T. J Iwashyna. 2013. 
"Expansion of Invasive Cardiac Services in the United States." Circulation 128 
(8),803-10. 
Hsia, It Y, A. t.. Kellernmnn, and Y. C. Shen. 201 I. "Factors Associated with Closures 
of Emergency Departments in the United States." journal of the Amtriwn Altdieal 
Association 305 (19): 1978-85. doi: 10.100l/jama.201 1.620. 
Hsia, R. Y., and Y. C. Shen. 20 11 . "Rising Closures of Hospital Trauma Centers Dispro-
portionately Burden Vulnerable Populations." Hta/III Affairs (Millwood) 30 (IO): 
1912- 20. doi : 10. 1371lhlthafT.2011.0510. 
J ollis.J. G., M. L Rocttig. A. O. Aluko, K.J. Anstrom, 1tJ. Applegate,j. D. Babb, P. B. 
Berger, D.J. Bohle,S. M. Helcher,j. L. Carvey. w.1t Hathaway,j. W. Hoekstra, 
R. V. Kelly, W. T. MaddoxJr,J. H. Shibcr. F. S. Valeri. B. A. Watling. B. H. Wil-
son, and C. B. Granger. 2007. "Implementation of a Statewide System for Coro-
nary Heperfusion for ST·Segment Elevation Myocardial I nfarction . ~ journal of 
tht Amen'can Medical Association 298 {20}: 2371- 80. doi: IO.100Iljama.298.20.-
joc70124. 
Keeley, K C., and C. L. Crines. 2004. "Primary Percutaneous Coronary Intervention 
for Every Patient with ST-Segment Elevation Myocardial infarction: What 
Stands in the Way?" Annals of Inttrnal Atldiane 141 (4): 298-304. doi: 10. 73261 
0003-4819-14 1-4-200408170-000 I O. 
Knudsen, t.. , C. Stcngaard, '[ M. Hansen,j. F. Lassen, and C.J. Terkelsen. 2012. ~ Ear­
lier Rcperfusion in P:llienlS with ST-Elcvation Myocardinllnfarction by Use of 
Helicopter." Samdillavianjoumal of Trauma, Resuscitation and Em"lltncy Medicine 
20: 70. doi: 10.1186/ 1757-724 1-20-70. 
608 HSR: Htalth Services Restorch 51:2 (Apri12016) 
Langabeer,j. R" T. D. Henry, D.]. Kerciakcs,]. DclliFraine.]. Emcrt, Z. Wang, L. Stu-
art. R. King, W. Segrest. P. Moyer, andj. G.Jollis. 2013. ~Growth in Percutane-
ous Coronary Intervention Capacity Relative to Population and Disease 
Prevalence. "journal ofthlAm"icon Iltart Association 2 (6): e0003iO. 
Mehta, R. H .. D. Marks, R. M. Cali lT, S. Sohn, K. S. Pieper, E Van de Werf, E. D. Peter-
son. E. M. Ohman, H. O. White, E. ]. Topol, and C. B. Granger. 2006. "DilTer-
ences in the Clinical Features and Outcomes in African Americans and Whites 
with Myocardial infarction." American journal of Aftdidnt 119 (I): iO.ei l- S. 
doi: 1O.1016/j.amjmed.2005.07.043. 
MOrrison, I-J, P. Verbeek, A. C. McDonald, B. V. Sawadsky, and D.J Cook. 2000. 
~Mortali ty and Prehospital Thrombolysis for Acute Myocardial Infarction: A 
Mcta-Analysis." journal of thl AlI1tricQn Mtdicol Assoaation 283 (20): 2686--92. 
doi: IO.IOOlljama.283.20.2686. 
Nallamothu, B. K. , and E. R. Bates. 2003. "Percutaneous Coronary intervention versus 
Fibrinolytic Therapy in Acute Myocardial Infarction: Is Timing (Almost) Every-
thing?" Am"icanjournal ofCardiololfJ92 (7): Itl4-6. 
Nallamothu, B. K.. E. R. Bates, Y. Wang, E. H. Bradley, and H. M. Krumholz. 2006. 
~Driving Times and Distances to Hospitals with Percutaneous Coronary inter-
vention in the United States: Implications for Prehospital Triage of Paticnts with 
ST-Elevation Myocardial Infarction. ~ Circulation 113 (9): 1189-95. doi: 10.1 161/ 
CI RCV LA TI a N AHA.105.59634 6. 
National Cardiovascular Data RCbristry. 2013. "CathPCI Registry: Participant Direc-
tory" laccesscd on December 18,20131. Available at http://www.ncdr.comlWcb-
N CD IV cathpci/ home/ participantdirectory 
O'Gara.. P. '1"., F. G. Kushner, D. D. Ascheim, D. E. Casey, M. K. Chung,j. A. de Le-
mos, S. M. Ettinger,]. C. Fang, E M. }o'esmire, B. A. Franklin, C. B. Granger, H. 
M. Krumhol1..j. A. Linderbaum, D. A. Morrow, L. K. Newby,j. P. Omato, N. 
Ou, M.j. Radford,j. E. Tamis-Holland, C. L. Tommaso, C. M. Tracy,j. Woo, 
and D. X. Zhao. 2013. "ACCF/AHA Guideline for the Management of ST-Ele-
valion Myocardial Infarction: A RCl>Ort of the American College of Cardiology 
Foundation/ American Heart Association Task Force on Practice Guidelines," 
Circulalion 127 (4): e362--425. doi; 10.116I1C IR.ObOI3e3182742cffi. 
Onega, 1'., E.]. Duell, X, Shi, D. Wang, E. Demidenko, and D. Goodman. 2008. "Geo-
graphic Access to c.U1cer Care in the U.S.ft CanctT J 12 (4): 909- 18. doi: 10.1002/ 
cncr.23229, 
Ozimek, A. M., and D. Miles. 2011. "Stata Utilities for Geocoding and Generating Tra-
vel Time and Travel Distance Information." The Statajournal ll (I); 106-19. 
Pitta, S. It, L. A. Myers, C. M. Bjerke, R. D. White, and H. H. Ting. 2010. "Using Pre-
hospital Electrocardiograms to Improve Door-to-Balloon Time for Transferred 
Patients with ST-Elevation Myocardial Infarction: A Case of Extreme Perfor-
mance." Circulation: CardiOfJoscular Quality and Outcomes 3 (I); 93- 7. 
Popescu, I. , P. Cram, and M. S. Vaughan-Sarrazin. ~Oll. ~DilTerences in Admitting 
Hospital Characteristics for Black and White Medicare Beneficiaries with AM I." 
Circulation 123 (23): 2il0--6. 
Access to Percutaneous Coronary IntervtntiOl1 609 
Schecter, A. D., P.]. Goldschmidt·Clermont, G. McKee, D. Hoffeld, M. Myers, It 
Velez,]. Duran, S. P. Schulman, N. G. Chandra. and D. E. Ford. 1996. ~ I nfluence 
of Gender, Race, and Education on Patient Preferences and Receipt of Cardiac 
Catheterizations Among Coronary Care Unit Patients." Amtricanjollrnal of Car-
diology78 (9): 996-1001. 
Shen, Y., and R. Y. Hsia. 2010. ~Changes in Emergency Department Access between 
2001 and 2005 among General and Vulnerable Populations." AmtricanjounlOl of 
Puhlic Health 100 (8): 1462- 9, doi: 10.2105/ AJ PH.2009.175828. 
Taylor, C. B., M. Stevenson, S.Jan, P. M. Middleton, M. Fitzharris, and j. A. Myburgh. 
2010. ~A Systematic Review of the Costs and Benefits of Helicopter Emergency 
Medical Services." Injury 41 (1): 10-20. doi: 10, 1016/j.injury.2009,09.030, 
T he European Myocardial Infarction Project Group. 1993. "Prehospital Thrombolytic 
Therapy in Patients with Suspected Acute Myocardial Infarction." New Engumd 
journal of Medicine329 (6): 383-9. doi: 10.1056/NEJ M 199308053290602. 
U.S. Congress. 20 10. "Pa tient Protection and Affordable Care Act" laccessed on Octo· 
ber 30, 20131. Available at https: / lbeta.congress.gov/ billllllth·congress/ house· 
bill/ 3590 
U.s. Department of Health and Human Services. 2010. ~Foundation Health Measures: 
Disparities" laccessed on October 30, 20131. Available at http://www.healthy· 
people.gov 120201 aboucJ DisparitiesAbout.aspx 
U.S. Department of Health and Human Services · Office of Minority Health. 2011. 
"National Partnership for Action to End Health Disparities: The Mission" 
laccessed on December 23, 20131. Available at http://minorityhealth.hhs.gov/ 
npal 
Vaccarino, V., S. S. Rathore, N. K. Wenger, P. D, Frederick,j. L. Abramson, H. V. Bar-
ron, A. Manhapra. S. Mallik, and H. M. Krumholz. 2005. "Sex and Racial Differ-
ences in the Management of Acute Myocardial Infarction, 1994 through 2002." 
New Englalldjoumal ofMedidne353 (7): 671-82. doi: 10.1056/ N EJMsa0322 14. 
Wang, H. E" and D. M. Yealy. 20 [2. "Distribution of Specialized Care Centers in the 
United States." Annals of Emtrgmcy Medicine 60 (5): 632- 7. doi: 1O.1016/j.ann· 
emergmed.20 12.02.020, 
Whittle,j.,j. Conigliaro, C. B. Good, and R. P. Lofgren. 1993. "Racial Differences in 
the Use of Invasive Cardiovascular Procedures in the Department of Veterans 
Affairs Medical System." New England j ournal of Mtdicine 329 (9): 621- 7. 
doi: 10.IOS6/ N EJM 199308263290907, 
SUPPORTING I NFORMATION 
Additional supporting information m ay be fou nd in the online versio n of th is 
art icle: 
Append ix SAl: Author Matrix. 
Append iX SA2: Distribution of Prehospital T ime to Nearest Percuta· 
neous Coronary Intervention (PCI) Center by U rban/ Rural Status. 
